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Introduction {#sec005}
============

Elevated levels of serum lipoproteins is an important mediator in the pathogenesis of atherosclerosis \[[@pone.0232636.ref001]\]. Long-term observational studies have demonstrated an association between hypercholesterolemia and increased risk of atherosclerotic cardiovascular disease (ASCVD) \[[@pone.0232636.ref002]\]. Over the past 30 years, trials of statins have shown that lowering low-density lipoprotein cholesterol (LDL-C) levels reduces atherosclerosis progression and lowers events in populations with elevated CVD risk \[[@pone.0232636.ref003],[@pone.0232636.ref004]\]. Based on the vascular and clinical benefits of statins, current cholesterol treatment guidelines from the American College of Cardiology/American Heart Association (ACC/AHA) recommend statins for individuals with established CVD or elevated ASCVD risk \[[@pone.0232636.ref005]\].

While CVD mortality has improved for the general population, partly due to statins, the HIV-infected population has seen an increase in CVD mortality over the same time period \[[@pone.0232636.ref006]\]. Beyond traditional CVD risk factors like tobacco use and hypertension, HIV-specific issues such as exposure to antiretroviral therapy, chronic inflammation, and immune activation may contribute to the increased CVD risk observed in HIV-infected adults \[[@pone.0232636.ref007]--[@pone.0232636.ref009]\]. The ability of statins to alter atherosclerosis and improve cardiac events in HIV-effected adults has not been well established. The aim of our current study was to assess the association between statin use and progression of atherosclerosis by carotid ultrasound and mortality in HIV-infected adults who have increased ASCVD risk and who are recommended to be on statins.

Materials and methods {#sec006}
=====================

Participants {#sec007}
------------

Study participants were followed at San Francisco General Hospital and San Francisco Veteran's Affairs Medical Center as part of the SCOPE cohort, a longitudinal observational cohort of HIV-infected individuals. The University of California, San Francisco Committee on Human Research approved this study and all participants provided written informed consent (NCT01519141). For all-cause mortality, participants were followed through December 2015 or until the time of death as determined by the National Death Index or SSDI. Two independent physicians adjudicated cardiovascular death using patient ICD-9 codes provided by the National Death Index or Social Security Death Index. To be considered a cardiovascular death, patients were required to have an ICD-9 code related to cardiovascular pathology in ≥1 of the first 3 ICD-9 codes reported on the death document.

Clinical and laboratory assessment {#sec008}
----------------------------------

Interviews and structured questionnaires were given to all participants at the time of enrollment covering socio-demographic characteristics, CVD risk factors, HIV disease history, medications, and health-related behaviors including drug use. Fasting blood work was drawn to measure serum total cholesterol, triglycerides (TG), and high-density lipoprotein cholesterol (HDL-C). Low-density lipoprotein cholesterol (LDL-C) was calculated using Friedewald's formula except for participants with TG ≥ 400 mg/dL or \< 40 mg/dL, where it was measured directly \[[@pone.0232636.ref010]\]. High-sensitivity C-reactive protein (hs-CRP) levels were measured using a high-sensitivity assay (Dade Behring, Deerfield, IL).

ASCVD risk assessment and statin recommendation {#sec009}
-----------------------------------------------

All participants in the study meet criteria to be on statin therapy based upon the 2018 ACC/AHA cholesterol treatment guidelines \[[@pone.0232636.ref005]\]. The ACC/AHA cholesterol treatment guidelines recommended statins for participants if they (1) had established ASCVD, (2) were 21 years old or greater with LDL levels ≥ 190 mg/dL, (2) were 40--75 years old with diabetes, (3) were 40--75 years old with ASCVD risk score of ≥ 7.5%---\< 20% using the ACC/AHA risk calculator plus risk enhancers such as chronic HIV infection or with ASCVD risk score of \>20%. The ACC/AHA risk calculator included the following variables: age, sex, total cholesterol, HDL-C, smoking status, systolic blood pressure, current treatment with blood pressure medications, diabetes, and race (White, Black, other) \[[@pone.0232636.ref011]\]. Framingham risk score was calculated using the following variables: age, sex, total cholesterol, HDL-C, smoking status, systolic blood pressure, and current treatment with high blood pressure medications \[[@pone.0232636.ref012]\]. Risk factors included hypertension, smoking, low HDL-C (\< 40 mg/dL), family history of premature coronary heart disease (CHD) (CHD in male first-degree relative \< 55 years of age; CHD in female first degree-relative \< 65 years of age), and age (men ≥ 45 years; women ≥ 55 years).

Carotid atherosclerosis assessment {#sec010}
----------------------------------

Carotid ultrasound was completed at baseline and after a median of 3.2 years of follow-up. Carotid IMT was assessed using the GE Vivid 7 system and a 10-MHz linear array probe. Twelve segments were measured including the near and far wall of the common carotid artery, bifurcation, and internal carotid artery of both the right and left carotid arteries according to the standard protocol from the Atherosclerosis Risk in Communities (ARIC) Study \[[@pone.0232636.ref013]\] and as previously described from our group \[[@pone.0232636.ref014],[@pone.0232636.ref015]\]. All measurements were performed by one experienced technician on digital images using a manual caliper. The technician was blinded with respect to regard to patient history and clinical characteristics. Carotid plaque was defined as a focal area with IMT greater than 1.5 mm in any segment. Repeat scans and measurements were performed with a noted variation coefficient of 3.4% and intra-class correlation coefficient of 0.98.

Statistical analysis {#sec011}
--------------------

We summarized continuous variables using mean (± standard deviation (SD)) or median (interquartile range (IQR)), and categorical variables using percentage, stratified by baseline statin use (moderate/high intensity statin use vs. no statin use). We tested differences between statin users and non-users for continuous variables using t-tests for normally distributed variables, Wilcoxon rank-sum tests for non-normally distributed variables, and using chi-squared tests for categorical variables. We used ordinary linear regression model to examine the association between statin use and baseline carotid IMT, and linear mixed models with random intercepts to model the association of statin use with carotid IMT progression. Cox proportional hazard models were constructed to estimate the hazard ratio (HR) and examine the association with all-cause mortality. We presented multivariable models that adjusted for 1) demographic factors only; 2) additionally, viral suppression status, traditional cardiovascular disease risk factors, and HIV-specific risk factors. We presented marginal structural models by applying inverse probability weighting to account for possible confounding by indication, since participants with worse CVD profiles were more likely to receive statin therapy, while participants with lower CVD risk were less likely to receive statin therapy \[[@pone.0232636.ref016]\]. We further sought to identify the factors that significantly associated with IMT progression and all-cause mortality in separate models. Proportionality assumption was assured for all mortality models by testing an interaction term between statin use and survival time (in logarithm form). All analyses were performed using SAS 9.4 (SAS Institute, Cary, NC).

Results {#sec012}
=======

Participant characteristics {#sec013}
---------------------------

The unweighted baseline characteristics of the 127 HIV-infected participants who meet ACC/AHA criteria to be on statin therapy are shown in [Table 1](#pone.0232636.t001){ref-type="table"} stratified by whether the participants were moderate/high intensity statin users or non-users. Those HIV-infected participants who were on statins were older than those not on statins (median 57.7 years vs 51.9 years) with more participants on statins being Caucasian and fewer being African-American. Those participants on statins also had longer exposure to protease inhibitors (median 6.0 years vs 2.8 years), lower prevalence of hepatitis C (4% vs 27%), and more evidence of lipodystrophy (82.1% vs 59.6%). The prevalence of family history of CVD and hypertension were higher in those participants on statins. Those on statins had higher hs-CRP levels. There was a higher prevalence of CVD at baseline in subjects on statins (32% vs 7%). After inverse probability of treatment weighting was applied to correct for potential treatment bias, improved balance was achieved in baseline characteristics between the two statin groups except that statin users had a higher rate of aspirin use and lower prevalence of hepatitis C infection (See [S1 Table](#pone.0232636.s001){ref-type="supplementary-material"}).

10.1371/journal.pone.0232636.t001

###### Unweighted baseline characteristics (median, interquartile range) of HIV-infected adults recommended for statins stratified by statin use.

![](pone.0232636.t001){#pone.0232636.t001g}

                               Statin (-) (n = 99)   Statin(+) (n = 28)   All (n = 127)     P-value
  ---------------------------- --------------------- -------------------- ----------------- ---------
  Demographic                                                                               
      Age, years               51.9 (48.6, 57.3)     57.7 (50.4, 62.1)    54 (48.8, 58.8)   0.038
      Race                                                                                  0.005
          Caucasian            53%                   89%                  61%               0.010
          African American     35%                   7%                   29%               
          Latino               6%                    0%                   5%                
      Gender                                                                                0.351
          Male                 93%                   100%                 94%               
          Female               5%                    0%                   4%                
          Transgender (M\>F)   2%                    0%                   2%                
      BMI, kg/m^2^             25 (22, 28)           26 (23, 30)          25 (23, 28)       0.500
      SBP, mmHg                125 (119, 135)        121 (116, 134)       124 (118, 135)    0.258
      DBP, mmHg                78 (72, 83)           77 (70, 81)          77 (72, 82)       0.211
  HIV factors                                                                               
      HIV duration, yr         15 (10, 19)           16 (14, 19)          15 (11, 19)       0.162
      Nadir CD4, cells/uL      1.8 (0.8, 3.0)        1.5 (0.2, 2.2)       1.8 (0.6, 3.0)    0.166
      Cur CD4, cells/uL        4.3 (2.5, 6.6)        5.0 (3.3, 6.6)       4.4 (2.8, 6.6)    0.196
      Treated, suppressed      48%                   79%                  54%               0.018
      PI, yr                   2.8 (0, 5.7)          6.0 (2.6, 8.7)       3.3 (0, 6.0)      0.0004
      HAART, yr                3.8 (0, 6.0)          5.7 (3.8, 8.3)       4.3 (0, 6.5)      0.010
      Hepatitis C              27%                   4%                   22%               0.008
      Lipodystrophy            60%                   82%                  65%               0.028
  Comorbidities                                                                             
      Family history           17%                   36%                  20%               0.034
      Hypertension             41%                   68%                  48%               0.013
      DM                       11%                   25%                  16%               0.063
      Any smoking              78%                   64%                  76%               0.146
      Aspirin use              26%                   64%                  76%               \<0.001
      Baseline CVD             7%                    32%                  13%               \<0.001
  Labs                                                                                      
      Cholesterol, mg/dL       192 (166, 217)        200 (156, 231)       192 (162, 218)    0.682
      LDL-C, mg/dL             106 (89, 134)         85 (75, 134)         104 (82, 134)     0.161
      HDL-C, mg/dL             39 (30, 48)           43.5 (31, 54)        40 (30, 49)       0.298
      Triglyceride, mg/dL      160 (98, 292)         157 (126, 363)       160 (103, 302)    0.141
      hs-CRP, mg/L             1.9 (0.6, 4.6)        2.6 (1.2, 7)         2.0 (0.9, 4.7)    0.048
      Glucose, mg/dL           89 (79, 99)           95 (89, 104)         90 (82, 101)      0.021
  Risk                                                                                      
      Fram risk factors        3 (2, 3)              2 (2, 3)             3 (2, 3)          0.794
      10-yr Fram risk score    10 (8, 14)            10 (5, 13)           10 (8, 14)        0.150
      10-yr ASCVD risk score   10 (9, 13)            10 (8, 15)           10 (9, 13)        0.745

BMI = body mass index, SBP = systolic blood pressure, DBP = diastolic blood pressure, PI = protease inhibitor, HAART = highly active anti-retroviral therapy, DM = diabetes mellitus, LDL-C = low density lipoprotein cholesterol, HDL-C = high density lipoprotein cholesterol, hs-CRP = high sensitivity C-reactive protein, Fram = Framingham, ASCVD = atherosclerotic cardiovascular disease.

Carotid atherosclerosis and clinical events {#sec014}
-------------------------------------------

Overall, the mean (±SD) of carotid IMT at baseline was 1.12 mm±0.34mm. Participants on statins had greater baseline carotid IMT (1.22±0.34 mm vs 1.09±0.34 mm, p = 0.09). There was no statistically significant difference after demographic adjustment. After additional multivariable adjustment with inverse probability weighting, the difference remained similar (0.052mm, p = 0.53, [Table 2](#pone.0232636.t002){ref-type="table"}). The median duration of follow-up between baseline and last follow-up ultrasound was 3.2 years. At follow-up, the overall mean carotid IMT progression was 0.084 mm/year (±0.097). At follow-up, there was no significant difference in carotid IMT progression between those with or without statins, 0.069 mm/year (±0.059) vs 0.058 mm/year (±0.050), p = 0.71 ([Table 1](#pone.0232636.t001){ref-type="table"}). In a multivariable adjusted model with inverse probability treatment weight, statin use was not associated carotid IMT progression ([Table 2](#pone.0232636.t002){ref-type="table"}). Factors independently associated with faster carotid IMT progression included age (per 10 year increment, 0.024 mm/year, 95% CI 0.013--0.034, p\<0.01), BMI (per 5 unit increment, 0.012 mm/year, 95% CI 0.003, 0.022, p = 0.014), and hypertension (0.024 mm/year, 95% CI 0.008--0.039, p = 0.003).

10.1371/journal.pone.0232636.t002

###### Association of statin use with baseline carotid IMT and IMT progression.

![](pone.0232636.t002){#pone.0232636.t002g}

  Outcome                Weighted cIMT         Demographic-adjusted [^a^](#t002fn001){ref-type="table-fn"}   Multivariable adjusted [^b^](#t002fn002){ref-type="table-fn"}   Marginal structural model [^c^](#t002fn003){ref-type="table-fn"}
  ---------------------- --------------------- ------------------------------------------------------------- --------------------------------------------------------------- ------------------------------------------------------------------
  **Baseline cIMT**                                                                                                                                                          
  Statin non-user        1.105±0.338 mm        reference                                                     reference                                                       reference
  Statin user            1.417±0.355 mm        0.046 mm                                                      0.052 mm                                                        0.204 mm
  (-0.096, 0.188)        (-0.109, 0.212)       (0.043, 0.365)                                                                                                                
  p = 0.53               p = 0.53              P = 0.015                                                                                                                     
  **cIMT progression**                                                                                                                                                       
  Statin non-user        0.059±0.005 mm/year   reference                                                     reference                                                       reference
  Statin user            0.069±0.013 mm/year   0.005 mm/year                                                 0.004 mm/year                                                   0.011 mm/year
  (-0.015,0.026)         (-0.018,0.025)        (-0.014,0.035)                                                                                                                
  p = 0.61               p = 0.74              P = 0.39                                                                                                                      

^a^ Demographic adjusted model includes statin use, age, sex, and race.

^b^ Multivariable adjusted model includes statin use, age, sex, race, traditional risk factors, and HIV-related risk factors, as listed in covariates section.

^c^ Marginal structural model includes all baseline variables in multivariable model b.

In the average 10.9 years of follow-up in the study, 24 deaths occurred (3 statin users and 21 non-statin users); of these, 2 were CVD related, and 4 were of unknown cause. In a multivariable Cox survival model with inverse probability treatment weightings, statin users had lower all-cause mortality than non-users but the hazard ratio (HR) was not statistically significant ([Table 3](#pone.0232636.t003){ref-type="table"}). Further analysis that controlled for demographics and nadir CD4 levels showed that HIV duration (HR 0.90, 95% CI 0.81, 099, p = 0.038), hepatitis C (HR 4.60, 95% CI 1.40, 14.8, p = 0.012), and hypertension (HR 1.24, 95% CI 1.24, 11.9, p = 0.020) were significant factors of mortality ([Table 4](#pone.0232636.t004){ref-type="table"}). The Cox survival model showed no violation of proportionality assumption. The log-rank test for the Kaplan-Meier survival curves between the statin and non-statin groups was not significant (p = 0.27).

10.1371/journal.pone.0232636.t003

###### Association of statin use with all-cause mortality.

![](pone.0232636.t003){#pone.0232636.t003g}

  Outcome                   Weighted mortality rate   Demographic-adjusted [^a^](#t003fn001){ref-type="table-fn"}   Multivariable adjusted [^b^](#t003fn002){ref-type="table-fn"}   Marginal structural model [^c^](#t003fn003){ref-type="table-fn"}
  ------------------------- ------------------------- ------------------------------------------------------------- --------------------------------------------------------------- ------------------------------------------------------------------
  **All-cause mortality**                                                                                                                                                           
  Statin non-user           1.78 (1.03, 2.85)         reference                                                     Reference                                                       reference
  Statin user               0.45 (0.01, 2.40)         0.59 (0.16, 2.11) p = 0.42                                    0.74 (0.17, 3.29) p = 0.70                                      0.34 (0.04, 2.95) p = 0.32

^a^ Demographic adjusted model includes statin use, age, sex, and race.

^b^ Multivariable adjusted model includes statin use, age, sex, race, traditional risk factors, and HIV-related risk factors, as listed in covariates section.

^c^ Marginal structural model includes all baseline variables in multivariable model b.

10.1371/journal.pone.0232636.t004

###### Multivariable modeling of all-cause mortality adjusted by demographics and significant covariates[\*](#t004fn001){ref-type="table-fn"}.

![](pone.0232636.t004){#pone.0232636.t004g}

                            Hazard Ratio   95% CI       P-value
  ------------------------- -------------- ------------ ---------
  Statin use                0.63           0.07, 5.14   0.668
  HIV duration (per year)   0.90           0.81, 0.99   0.038
  Hepatitis C               4.60           1.40, 14.8   0.012
  Hypertension              3.84           1.24,11.9    0.020

\* Multivariable adjusted model that controls for age, race, gender, and nadir CD4 level.

Discussion {#sec015}
==========

While statin therapy has consistently demonstrated benefit in the general population, the vascular and clinical effects of statins in HIV-infected adults with increased ASCVD risk have not been well established. In our study of HIV-infected adults who had elevated ASCVD risk and meet ACC/AHA criteria to be on statins, we demonstrated that statin therapy had no significant association with carotid IMT progression or all-cause mortality. Our findings may have implications for the cardiovascular care of HIV-infected adults who have elevated CVD risk but may not obtain the expected vascular and clinical benefits from statins.

The ability of statins to reduce CV events in the general population at elevated ASCVD risk has been replicated in a number of randomized controlled trials \[[@pone.0232636.ref017]\]. A meta-analysis of 10 statin trials enrolling more than 70,000 adults demonstrated that statins significantly reduced the relative risk of all-cause mortality by 22%, major coronary events by 30%, and major cerebrovascular events by 19% \[[@pone.0232636.ref017]\]. The CV benefits of statins have been hypothesized to be partly related to their ability to inhibit atherosclerosis progression. In the METEOR study, statins use was associated with less carotid IMT progression as compared to placebo in subjects with subclinical atherosclerosis (-0.0014, 95% CI -0.0041--0.0014 mm/year vs. 0.013, 95% CI 0.0087--0.017 mm/yr, p\<0.001) \[[@pone.0232636.ref018]\]. Based upon these atherosclerotic and clinical benefits, the 2018 ACC/AHA cholesterol treatment guidelines recommended statins to individuals with established CVD or who were at elevated CVD risk \[[@pone.0232636.ref005]\]. Adults living with HIV are considered to be at enhanced risk for ASCVD. In HIV-infected adults aged 40--85 years with LDL-C between 70 to 189 mg/dL and a 10-year ASCVD risk of 7.5% or higher, statin therapy carries a class IIa recommendation. In our current study, all of our HIV-infected subjects had elevated CV risk based upon traditional risk assessments and meet 2018 ACC/AHA criteria to be on statin therapy. In addition to all subjects having a CV risk-enhancing factor with chronic HIV infection, 48% had a diagnosis of hypertension, 76% had a history of smoking, and more than 70% of the subjects had carotid atherosclerosis at baseline. Unlike non-HIV infected populations with elevated CVD risk, we found no significant association between statin use and reductions in carotid IMT progression or mortality.

Statins have previously failed to show benefit in certain populations whose CV risk may be driven by non-cholesterol related factors \[[@pone.0232636.ref019],[@pone.0232636.ref020]\]. In the AURORA Study of 2,776 subjects with end stage renal disease on hemodialysis, statins lowered LDL-C by 43% but had no significant effect on CV outcomes \[[@pone.0232636.ref019]\]. In the CORONA study of 5,011 subjects with systolic heart failure, statins lowered LDL-C by 45% but did not lower CV events \[[@pone.0232636.ref020]\]. This lack of benefit in patients with heart failure was also observed in the GISSI-HF trial \[[@pone.0232636.ref021]\]. Similar to individuals with advanced renal disease or heart failure, adults infected with HIV have non-lipid associated factors that impact their CV risk and may minimize the benefit of statins \[[@pone.0232636.ref022]\]. While traditional risk factors such as smoking may partly explain the higher burden CVD risk in HIV-infected adults, there are HIV-specific factors related to immune activation and chronic inflammation that are also important contributors to CV risk \[[@pone.0232636.ref015],[@pone.0232636.ref023]--[@pone.0232636.ref025]\]. In prior research, we have shown that inflammatory markers such as hs-CRP levels were independent predictors of baseline and progression of atherosclerosis as measured by carotid IMT in HIV-infected adults \[[@pone.0232636.ref015],[@pone.0232636.ref025]\]. In our current study, we found that survival was associated with HIV duration and hepatitis C infection; both of which are not affected by statin use.

The effects of statin therapy have been previously studied in the HIV population; though the trials have been small and mainly limited to HIV-infected adults without established CVD or documented elevated ASCVD risk \[[@pone.0232636.ref026]--[@pone.0232636.ref028]\]. In a cohort of 20 HIV-infected adults, Stein et al. showed that treatment with 40 mg daily of pravastatin lowered LDL-C by 20%, but had no significant effect on flow-mediated vasodilation of the brachial artery \[[@pone.0232636.ref026]\]. In addition to cholesterol lowering, statin therapy has been demonstrated to decrease some but not all biomarkers of inflammation in HIV subjects \[[@pone.0232636.ref029]\]. For example, treatment with 10 mg daily of rosuvastatin for 24 weeks significantly lowered lipoprotein-associated phospholipase A2 by 10% as compared to placebo in 147 HIV-infected adults; however there was no impact on hs-CRP or IL-6. Beyond biomarkers, there have been a limited number of trials evaluating the effects of statin on atherosclerosis in the HIV population \[[@pone.0232636.ref030],[@pone.0232636.ref031]\]. In a study of 40 HIV-infected adults with evidence of subclinical coronary atherosclerosis by coronary CT angiography, Lo et al. demonstrated that treatment with atorvastatin 40 mg daily for 12 months reduced non-calcified plaque volume and high-risk plaque features but did not significantly reduce hs-CRP or IL-6 \[[@pone.0232636.ref030]\]. In the SATURN-HIV study, 147 HIV-infected subjects with LDL-C \< 130 mg/dL and who had evidence of increased inflammation by hs-CRP or T-cell activation were randomized to 10 mg of rosuvastatin or placebo \[[@pone.0232636.ref031]\]. After 96 weeks, statin therapy was associated with 0.019 mm less carotid IMT progression as compared to placebo; which was not modified by inflammatory or immune activation biomarkers. Our study is distinct in that we focused specifically on a cohort of HIV-infected adults with increased ASCVD risk and who meet national guideline criteria to be on statin therapy. In this patient population, we demonstrate no association between statin use and decreased carotid IMT progression or all-cause mortality.

We hypothesize that factors related to chronic inflammation in our HIV-infected population may have impacted the effects of statins. Beyond the primary mechanism of LDL-C reduction, the CV benefit of statins has been hypothesized to be due in part to their anti-inflammatory properties \[[@pone.0232636.ref032]\]. In the JUPITER study of 17,802 participants without established CVD, LDL-C \< 130 mg/dL, and elevated hs-CRP, treatment with rosuvastatin reduced hs-CRP levels by 37% and the primary CV endpoint by 44% as compared to placebo. However, this benefit was reduced in subjects who had residual elevation in hs-CRP \[[@pone.0232636.ref033]\]. In the PROVE-IT-TIMI 22 study, which randomized 3,745 subjects presenting with an acute coronary syndrome to statin therapy, Ridker et al. showed that in subjects who reached an on-treatment LDL-C \< 70 mg/dL, those subjects with an elevated hs-CRP ≥ 2 mg/L had a higher risk for recurrent CV events as compared to those with a hs-CRP level of \< 2 mg/L (age-adjusted event rate per 100/person year of 3.1 vs 2.4, p\<0.001). Additionally, residual inflammation with statins has also been associated with less atherosclerosis regression as assessed by coronary intravascular ultrasound \[[@pone.0232636.ref034]\]. Whether statins will have an impact on chronic inflammation in HIV remains uncertain since statins did not significantly lower inflammatory markers such as hs-CRP or IL-6 in prior trials conducted in HIV-infected adults \[[@pone.0232636.ref029],[@pone.0232636.ref030]\]. In our study, baseline median hs-CRP levels were significantly higher in the statin group as compared to the non-statin group (2.6 vs 1.9 mg/L, p = 0.05). Because hs-CRP was measured only once at baseline, we were unable to determine if statin therapy was associated with reductions in inflammation. A greater degree of inflammation at baseline or follow-up may have impacted the ability of statins to reduce carotid atherosclerosis progression or mortality.

There are some important limitations with our study. This was an observational study, and despite our attempts to adjust our analysis for potential bias, there may be unknown confounders not accounted for in our analysis. Because most study subjects were male or Caucasian, our findings may not be generalizable to women or non-Caucasian populations. Additionally, the numbers of deaths overall were small and not all deaths were due to CVD. A dose-response analysis could not be performed due to the overall small number of statin users.

In summary, we found that in a cohort of HIV-infected adults with elevated ASCVD risk and who were recommended to be on statins, treatment with statins was not associated with significant differences in carotid atherosclerosis progression or a reduction in all-cause mortality as compared to those not on statins. Contributions by HIV-related factors such as chronic inflammation may explain the lack of association between statins and clinical benefits. Future studies are needed to further explore the vascular and clinical effects of statins in the HIV-infected population and help identify those HIV-infected adults who may benefit from statins.
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1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Partly

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?
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PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes
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5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: Interesting paper. The paper addressed a relevant question on whether the use of statins has any benefits in decreasing atherosclerosis progression and lowering mortality in patients with HIV infection. The authors did a good job of driving home the fact that some patients may not obtain the expected clinical benefits from statins. Overall, I think the general approach is robust and the findings credible. Appears well carried out. The paper addressed a relevant question but the clinical message is not clear.

To improve the interpretable of the findings, I ask that the authors provide more information on the following points:

The author mentioned that "All-cause mortality appeared higher in statin users (1.93 per 100 person-years) compared with non-users (1.00 per 100 person-years), but the difference was not significant (adjusted HR=0.74, 95%CI 0.17-3.29, p=0.70)" Then, the authors concluded that "Unlike non-HIV infected populations with elevated CVD risk, we found no significant association between statin use and reductions in carotid IMT progression or mortality"

The risks associated with statins use are important to me. Because statins are recommended for general population with high CVD risk, known risks may lead to minimize its use. Death is an outcome that is important to most patients. I wonder if more attention should be paid to screening for the causes of increased mortality among statin users.

In order to clarify the relationship between statin use and all-cause mortality over the 10.9 years of follow up time, it is necessary to carry out a dose-response analysis, which has not been evaluated in this study but which is extremely recommended.

What is the median time-to-death between the two groups and was the attributable risk constant over the observation period? It would be helpful to view the cox survival curves (time vs outcome variables).

The attributable risk difference is small. This means that the finding is sensitive to biases and confounding. While controlling confounding is important to make exposure groups comparable. I have a concern about differential biases. Observational studies cannot account for any unmeasured factor that might influence the outcome. The authors used multiple adjustment strategies. Although the study did not find any benefits from statin use, the study design does not allow to exclude the possibility that the findings may be subject to treatment-selection biases, time related biases and residual confounders by indications that caused unbalance between the two groups. Survivors who were treated with statins could have a worse risk profile for CVD than untreated survivors determined by the pathology rather than by the drugs themselves need to be considered.

Please describe the duration of the look-back period for each of the study arms and were there meaningful differences?

The patient involvement in this research was appropriate to its objectives and scope. However, I somehow doubt the conclusions would be broadcast as applying specifically to Caucasian males. Perhaps stressing that even more would help.
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Dear James M. Wright, Academic Editor, PLOS ONE

On behalf of my co-authors, I thank you for your review of our manuscript and providing us with an opportunity to make revisions. Please find below responses to each of the points raised by the editor and reviewer. Additionally, please find our submitted marked-up copy of our manuscript and a clean unmarked version.

Thank you for providing us with the opportunity to improve our manuscript and make it suitable for publication in PLOS One.

Sincerely,

Binh An P. Phan, MD

Professor of Medicine

University of California, San Francisco

United States

\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*

Points raised in "Additional Editor Comments":

Point \#1:

Editor comments:

\"In a multivariable Cox survival model with inverse probability treatment weightings, statin users had lower all-cause mortality than non-users but the hazard ratio (HR) was not statistically significant (Table 3).\" In the abstract: \"All-cause mortality appeared higher in statin users (1.93 per 100 person-years) compared with non-users (1.00 per 100 person-years), but the difference was not significant (adjusted HR=0.74, 95%CI 0.17-3.29, p=0.70).\"

Author response:

We agree with this comment noting the conflicting description of overall mortality found in the data table of the results section and what is noted in the abstract. We have corrected the comment in the abstract to be consistent with the data that there was a higher all-cause mortality in the non-statin group that was not significant.

We have corrected the abstract to include the following sentence: "All-cause mortality was higher in the non-statin users compared with statin users, but the difference was not significant (adjusted HR=0.74, 95%CI 0.17-3.29, p=0.07)."

Point \#2:

Editor comments:

"Please provide the number of deaths in each group. You report there were 24 overall."

Author response:

We have included the number of deaths in each group in the results section. There were 3 deaths in the statin users group and 21 deaths in the non-statin users group.

Point \#3:

Editor comments:

"In Table 1 the baseline LDL level in the statin group is wrong. You report it as 85. I suspect it must be 105. Please check all the numbers in the manuscript as we may not have identified all of them."

Author response:

The baseline LDL cholesterol levels were reviewed. The reported median LDL level in Table 1 of 85 mg/dL for the statin group is correct. The average LDL value for this group of statin users was 106 mg/dL. The average and median values are very different for this group as compared to the non-statin group since the number of subjects were small and the LDL levels were skewed due to one subject having very abnormal LDL level. For the non-statin users, the median LDL was 106 mg/dL and average LDL was 112 mg/dL.

Point \#4:

Editor comments:

"In the discussion you use the CORONA trial as an example of a trial where statins had no benefit. Please also cite the GISSI-HF trial Lancet 2008, which is a better quality trial showing the same thing."

Author response:

We agree with this comment and included a sentence noting the similar negative findings from the GISSI-HF and provided a citation.

Point \#5:

Editor comments:

"Your findings and other findings in the HIV population suggest to me that a randomized placebo controlled trial is needed in this population."

Author response:

We thank you for your comment and agree that we need more robust investigation with a randomized controlled trial to help determine the benefits of statin therapy in this increased risk population.
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Author response:

We have revised our manuscript to meet the PLOS One's style requirement per the template instructions.

2\. Thank you for stating in your Funding Statement:

\"This study was funded in part by the National Institute of Allergy and Infectious Diseases (K24AI112393 to PYH). The SCOPE cohort is supported in part also by NIAID (K24AI069994 to SGD), the UCSF/Gladstone Institute of Virology & Immunology (P30AI027763 to SGD), the UCSF Clinical and Translational Research Institute Center (UL1RR024131 to SGD), and the CFAR Network of Integrated Systems (R24AI067039 to SGD).

The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.\"

Please provide an amended statement that declares \*all\* the funding or sources of support (whether external or internal to your organization) received during this study, as detailed online in our guide for authors at <http://journals.plos.org/plosone/s/submit-now>. Please also include the statement "There was no additional external funding received for this study." in your updated Funding Statement.

Please include your amended Funding Statement within your cover letter. We will change the online submission form on your behalf.

Author response:

We have included an amended statement at the end of our cover letter that declares all the funding sources of support received during this study and also have included the updated funding statement that there was no additional external funding received.

3\. Please include captions for your Supporting Information files at the end of your manuscript, and update any in-text citations to match accordingly. Please see our Supporting Information guidelines for more information: <http://journals.plos.org/plosone/s/supporting-information>.

Author response:

We have included a Supporting Information and captions at the end of our manuscript and revised our Supporting Information file.

Review Comments to the Author:

Reviewer \#1: Interesting paper. The paper addressed a relevant question on whether the use of statins has any benefits in decreasing atherosclerosis progression and lowering mortality in patients with HIV infection. The authors did a good job of driving home the fact that some patients may not obtain the expected clinical benefits from statins. Overall, I think the general approach is robust and the findings credible. Appears well carried out. The paper addressed a relevant question but the clinical message is not clear.

To improve the interpretable of the findings, I ask that the authors provide more information on the following points:

Reviewer comment \#1:

"The author mentioned that "All-cause mortality appeared higher in statin users (1.93 per 100 person-years) compared with non-users (1.00 per 100 person-years), but the difference was not significant (adjusted HR=0.74, 95%CI 0.17-3.29, p=0.70)" Then, the authors concluded that "Unlike non-HIV infected populations with elevated CVD risk, we found no significant association between statin use and reductions in carotid IMT progression or mortality"

The risks associated with statins use are important to me. Because statins are recommended for general population with high CVD risk, known risks may lead to minimize its use. Death is an outcome that is important to most patients. I wonder if more attention should be paid to screening for the causes of increased mortality among statin users."

Author response:

We appreciate the comment made by the reviewer and have clarified this discordant statement on mortality as noted above in the editor's comments. The non-significant increase in mortality was noted in the non-statin group and not the statin group.

Reviewer comment \#2:

"In order to clarify the relationship between statin use and all-cause mortality over the 10.9 years of follow up time, it is necessary to carry out a dose-response analysis, which has not been evaluated in this study but which is extremely recommended."

Author response:

We agree with the reviewer that it would be informative to carry out a dose-response analysis. Unfortunately, due to the small sample size of our study, we did not have power to perform a dose-response analysis and therefore completed our main analysis based upon statin versus non-statin users. We have included the following sentence in the discussion section to highlight this limitation: "A dose-response analysis could not be performed due to the overall small number of statin users."

Reviewer comment \#3:

"What is the median time-to-death between the two groups and was the attributable risk constant over the observation period? It would be helpful to view the cox survival curves (time vs outcome variables)."

Author response:

The number of deaths in each group was small, and therefore we determined that analysis of median time to death was not meaningful. The log-rank test for the Kaplan-Meier survival curves between the statin and non-statin groups was not significant with a p-value of 0.27. We have included a graph of the KM survival curve in the response to reviewer file for your review. In the results section of the manuscript, we have included the sentence: "The log-rank test for the Kaplan-Meier survival curves between the statin and non-statin groups was not significant (p=0.27)."

Reviewer comment \#4:

"The attributable risk difference is small. This means that the finding is sensitive to biases and confounding. While controlling confounding is important to make exposure groups comparable. I have a concern about differential biases. Observational studies cannot account for any unmeasured factor that might influence the outcome. The authors used multiple adjustment strategies. Although the study did not find any benefits from statin use, the study design does not allow to exclude the possibility that the findings may be subject to treatment-selection biases, time related biases and residual confounders by indications that caused unbalance between the two groups. Survivors who were treated with statins could have a worse risk profile for CVD than untreated survivors determined by the pathology rather than by the drugs themselves need to be considered."

Author response:

We agree with the reviewer that there may be variables that may confound our findings. We used multiple adjustment strategies to minimize bias but understand that other unknown confounders may be present in our observational study. We included this limitation in the discussion of the paragraph.

Reviewer comment \#5:

"Please describe the duration of the look-back period for each of the study arms and were there meaningful differences?"

Author response:

The median (IQR) of duration was 3.1 years (1.6, 5.2) for non-statin users and 4.1 years (2.0, 5.0) for statin users. P-value was 0.57, not statistically significant.

Reviewer comment \#6:

"The patient involvement in this research was appropriate to its objectives and scope. However, I somehow doubt the conclusions would be broadcast as applying specifically to Caucasian males. Perhaps stressing that even more would help."

Author response:

We agree with the reviewer. Our study cohort was predominantly male (94%) and Caucasian (61%); which is similar to the demographics of other HIV-infected cohorts in our region. Our findings may not be as applicable to to a female or more diverse HIV-infected population. We have noted that as a limitation of our study and revised it to include the predominant Caucasian representation.
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